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Abstract 
This study presents the preparation of tungsten trioxide (WO3) nanoparticles by acidic precipitation using sodium 
tungstate as a precursor. Composite synthesis was selected among various modification methods to investigate catalytic 
activity improvement. WO3:polyaniline (PANI) nanocomposites with different weight ratios were prepared. The 
synthesized nanocomposites were characterized by field emission scanning electron microscopy, X-ray diffraction, 
thermogravimetric analysis–differential thermal analysis, and Fourier transform infrared spectroscopy. Results revealed 
the successful preparation of WO3:PANI nanocomposites. These nanocomposites exhibit higher thermal stability 
compared with PANI, indicating a satisfactory interaction between WO3 and PANI. The synthesized nanocomposites are 
being evaluated for their catalytic activity. 
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1. Introduction 
The civilian, commercial, and defense sectors of most advanced industrialized nations face major 
environmental problems on the remediation of hazardous wastes and contaminated ground waters, as well as 
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control of toxic air contaminants. Photocatalysts show potential for addressing the environmental 
contamination problems by using solar energy. Thus, photocatalyst modification as a technique for enhancing 
catalytic activity has drawn research interest. With the advantages and disadvantages of each photocatalyst 
considered, different strategies such as surface and interface modification (including the control of 
morphology and particle size), composite materials, transition/noble metal doping, non-metal doping, noble 
metal deposition, and surface sensitization have been adopted to modify the catalytic activity of these 
materials. Among numerous visibly active photocatalysts, tungsten trioxide (WO3), also expressed as WO3−x 
(x = 0–1), exhibits potential owing to its small band gaps ranging from 2.5 eV to 3.0 eV depending on 
stoichiometries, crystalline structures, and defects. In addition, this material shows high oxidation power of 
valence band holes (+3.1-3.2 VNHE), nontoxicity, as well as physical and chemical resilience toward harsh 
environments such as continuous exposure to water and solar irradiation. WO3 is also relatively abundant in 
nature. WO3 has electrochemical [1], gas sensing [2], and photocatalytic [3, 4] applications. This material can 
also be easily synthesized through a facile process. A number of studies demonstrated the preparation of WO3 
nanostructures, that is, nanowires [5, 6], nanorods [7, 8], nanoparticles [9], and nanofibers [10]. 
WO3 exhibits enhanced photoabsorption in visible-light irradiation because of its smaller band compared 
with that of titania (band gap, 3.0 eV to 3.2 eV) [11, 12]. Thus, WO3 can be used in indoor pollutant treatment. 
WO3 can degrade volatile organic compound gases by using domestic light sources where ultraviolet light is 
limited. In outdoor applications, WO3 can use sunlight for the treatment of harmful pollutants in industrial 
wastewater and shows potential for hydrogen production. However, pure WO3 has lower light energy 
conversion efficiency compared with TiO2 because the reduction potential is relatively low [13].  
We previously reviewed the recent development in WO3 modification strategies: surface and interface 
modification (which includes the control of morphology and particle size), composite materials, 
transition/noble metal doping, non-metal doping, noble metal deposition, and surface sensitization [14].  
The combination of organic and inorganic properties of components in a unique composite material is a 
well-known strategy. The new hybrid materials produced are often synergistic combinations or entirely new 
ones with respect to their constituents. Polymers represent a class of materials that have recently played an 
important role in catalysis because of their ability to control their morphology and physicochemical properties 
in a simple way. Among these polymers, polyaniline (PANI) has drawn considerable attention in recent years 
because of its ease of synthesis, comparative stability in air, relatively low cost, solubility in various solvents, 
and other properties such as chemical sensitivity and electrochromism . 
Our previous study on the catalytic activity of the synthesized nanoscale WO3 [15] demonstrated an 
improved selectivity of synthesized nano WO3 compared with that of the bulk WO3 and commercial WO3 
nanopowder for the ozonolysis of oleic acid. The results motivated us to investigate composite material 
synthesis as a modification method for nano WO3 photocatalysts.  
2. Materials and methods 
Sodium tungstate (purity, ~97%) and silver nitrate (purity, ~99.7%) were purchased from Sigma-Aldrich. 
Hydrochloric acid (37%) and ammonium peroxydisulfate (98%, 0.25 mol L–1) were supplied by Merck. 
Ethanol (37%, v/v) and aniline hydrochloride (99%, 0.2 mol L–1) were purchased from AnalaR, BDH. 
Deionized water was used to prepare the solution. All chemicals and solvents were used as received and 
without further purification. WO3 nanoparticles were synthesized by acidic precipitation. Sodium tungstate (5 
g) was dissolved in 200 mL of deionized water to obtain a transparent solution. Approximately 11.8% dilute 
HCl was added dropwise into the solution to obtain a yellow tungstic acid precipitate (with stirring for about 2 
h). The precipitate was then washed with water to remove sodium and chlorine ions. The chlorine ions were 
detected using the AgNO3 test.  
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The precipitate was then washed with ethanol several times, filtered, and dried in an oven at 100 °C. These 
powders were calcined at 350 and 600 °C for 2 h in air to obtain powders A and B, respectively. The 
morphology of the calcinated WO3 nanoparticles were observed by field emission scanning electron 
microscopy (FESEM) using SUPRA 55 VP ( Zeiss) at an accelerating voltage ranging from 3 kV to 5 kV). 
This method provides comparable information for morphology and size investigations. The FESEM images 
showed that the WO3 nanoparticles prepared at different calcination temperatures appear spherical and are 
similarly sizes in the range of 20 nm to 30 nm. However, the particles appear more agglomerated at higher 
temperatures. 
X-ray diffraction (XRD) was performed using a Bruker D8 advance X-ray diffractometer with a running 
step = 0.02° in the range of 5° to 80° 2-Theta and monochromatized Cu Kα radiation (λ = 0.154 nm). The 
XRD results showed that the WO3 nanoparticles calcinated at 350 °C and 600 °C exhibit the same crystalline 
form of the orthorhombic system. Powder A (350 °C) was chosen for the preparation of composites. In this 
study, the WO3:PANI composites with different weight ratios (1:99, 5:95, and 10:90) were prepared. PANI 
was prepared by oxidizing aniline hydrochloride (0.2 mol L-1) with ammonium peroxydisulfate (0.25 mol L-1) 
(initiator) in an aqueous solution at room temperature. The mixture was stirred for 10 min and kept at room 
temperature for 48 h to allow precipitation.  
An appropriate amount of WO3 nanoparticles (powder A) was mixed into the aniline hydrochloride 
solution. Ammonium peroxydisulfate solution (initiator) was then added and mixed vigorously for 10 min. 
The mixed solutions were kept at room temperature for 48 h. The precipitated fine powders were obtained by 
centrifugation and washed several times with absolute ethanol and distilled water to remove the unreacted 
aniline monomer and by-products. All products were oven-dried for 36 h at 70 °C.   
    
Fig. 1. FTIR Spectrum for (a) Pani, (b) WO3/Pani 1:99 W%,   (C) WO3/Pani 5:95 W%  and (d) WO3/Pani 10:90 W% , respectively. 
The spectra obtained by Fourier transform infrared spectroscopy (FTIR) of the synthesized samples are 
presented in Figure 1. All spectra reveal two bands at approximately 1460 cm-1 to 1480 cm-1 and 1550 cm-1 to 
1580 cm-1, which are assigned to benzenoid and quinoide rings. The band at 1290 cm-1 is related to the C–N 
stretching of a secondary aromatic amine. The band at approximately 1125 cm-1 originates from the plane 
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bending vibration mode of C–H in the polymer. These bands indicate the presence of PANI in the synthesized 
samples. Some bands overlap and thus appear unclear.  
The X-ray diffraction (XRD) measurements were performed on the synthesized samples, and the results 
are depicted in Figure 2. The pattern shows partial crystallinity in PANI. All composites reveal the existence 
of WO3 with the same crystalline system as that of the nano WO3. 
 
Fig. 2. The XRD Spectrum for WO3 and its composites (a) WO3, (b) WO3/Pani 10:90 W%, (c) WO3/Pani 5:95 W% , (d) WO3/Pani 1:99 
W%  and (e) Pani , respectively . 
The morphology of the prepared composites was examined by FESEM (see Figure 3). The prepared 
composites almost exhibit the same racemose structure with diameters ranging from 20 nm to 75 nm. 
The thermal stability of the prepared nanocomposites and PANIs were examined by thermogravimetric 
analysis (STGA/SDTA851, Mettler Toledo) under a nitrogen atmosphere.  
The results are presented in Figure 4. All samples show the same degradation pattern although the 
composites show a higher thermal stability than the PANIs. The WO3:PANI composite (5:95) exhibited the 
highest thermal stability among all samples. This result may be related to the combination of WO3 with PANI, 
which yielded a stronger binding force due to the interaction between WO3 and the lone pair electrons of the 
N atom in the polymer backbone [16]. 
3. Conclusion 
Various methods such as surface and interface modification, composite materials, transition/noble metal 
doping, and surface sensitization are employed to modify the catalytic properties of photocatalysts. The 
present study employed the preparation of composite materials to improve the catalytic behavior of WO3. The 
synthesized nanocomposite was characterized by FESEM, XRD, TGA–differential thermal analysis, and 
FTIR. The results revealed that WO3:PANI nanocomposites were successfully prepared. These 
nanocomposites exhibit higher thermal stability compared with PANI alone, which confirms the satisfactory 
interaction between WO3 and PANI. The synthesized nanocomposites are under evaluation for their catalytic 
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activity. 
   
    
Fig. 3. FESEM photographs of (a) Pani (b) WO3: Pani nanocomposite (1:99) (c) WO3: Pani nanocomposite (5:95) and (d) WO3: Pani 
nano composite (10:90), respectively.  
 
Fig. 4. TGA thermograph for (a) Pani (b) WO3: Pani nanocomposite (10:90), (c) WO3: Pani nanocomposite (1:99) and (d) WO3: Pani 
nanocomposite (5:95), respectively. 
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